Background: The goal of treatment in vesicoureteral reflux (VUR) is to reduce the risk of reflux-associated pyelonephritis. Medical versus surgical treatment for VUR is still controversial, with surgery successful in majority of cases. There are not enough data available in literature on long-term incidence of urinary tract infection (UTI) after reimplantation. The aim of the study was to determine the long-term outcome after reimplantation with respect to UTI, renal scarring and potential risk factors for post-reimplant UTI.
Introduction
Vesicoureteral reflux (VUR) is the most common urological anomaly in children, affecting about 1% general population [1] . Primary VUR is seen in 20% of neonates investigated for prenatal hydronephrosis [2] . VUR is a risk factor for recurrent urinary tract infection (UTI), pyelonephritis, renal scarring, hypertension and progressive renal failure.
Approximately 20% of affected children show changes on initial DMSA scan [3] . The goal of treatment in VUR is to reduce the risk of reflux-associated pyelonephritis and renal scarring. Medical versus surgical treatment for VUR is still a very controversial topic. Generally accepted indications for surgery are persisting high grade reflux, breakthrough infections, appearance of new scar, non-compliance with antibiotic prophylaxis and parental wishes. Ureteric reimplantation affords a success rate of 95-98% with low complication rate [4, 5] . There are limited data in the literature on the long-term incidence of UTI after reimplantation. The purpose of this study was to perform a retrospective review of long-term outcome after ureteric reimplantation with respect to incidence of febrile and non-febrile UTI, and new renal scarring and to identify potential risk factors for post-reimplant UTI.
Materials and Methods
A retrospective review of 106 consecutive patients who underwent ureteric reimplantation for primary VUR in the last 10 years was performed. Cases of VUR secondary to bladder outlet obstruction, neuropathic bladder, reflux in duplex system, reflux in a solitary kidney and those who were treated endoscopically with deflux were excluded from the study. Five cases who were lost to follow-up or moved interstate were also excluded from the study. VUR was diagnosed in all cases by micturating cystourethrogram (MCU) after a documented UTI or while evaluating antenatally detected hydroureteronephrosis. VUR was graded as per International Reflux Study Committee (IRSC) [6] . All cases had DMSA scan pre-operatively to document dysplasia or scarring and split renal function. The indication for surgery was noted in each case. All cases underwent cross-trigonal Cohen's ureteric reimplantation. Postoperatively cases were followed up with renal USS for renal growth and hydronephrosis. Repeat MCU and DMSA scans were done only in cases who continued to have febrile UTI. All cases with post-reimplant UTI underwent evaluation for bladder and bowel dysfunction with bladder and bowel diaries and uroflowmetry.
Results
Of 101 cases, there were 37 boys and 64 girls. In 84 cases, VUR was detected after an episode of UTI (68 febrile and 16 non-febrile) and in 17 cases, it was detected while investigating for antenatal hydroureteronephrosis. VUR was unilateral in 36 cases and bilateral in 65 cases. The refluxing units were grade 1 in nine, grade 2 in 23, grade 3 in 49, grade 4 in 59 and grade 5 in 26. DMSA scan showed changes in 36 cases at presentation, of which 32 presented with UTI and all of them had grade 3 reflux and above. All patients had Cohen's reimplantation. Age at surgery ranged from 4 months to 15 years with a median age of 32 months at surgery. The follow-up period ranged from 26 to 120 months with a mean follow-up period of 42 months.
Thirteen patients had post-operative UTI, of which 12 were females. Five out of 13 patients had febrile UTI and 8/13 had non-febrile UTI.
Seven out of 13 patients had symptoms of urge incontinence or dysfunctional voiding diagnosed with bladder diary and uroflowmetry. Three had constipation based on clinical history, abdominal X-ray and bowel diary.
All five patients with post-reimplant febrile UTI had MCU, demonstrating recurrent VUR in only 2/5 cases. Three out of five cases with three or more episodes of non-febrile UTI also had MCU based on surgeon's preference but none of them showed recurrent VUR.
DMSA scan was done in all five post-reimplant febrile UTI cases, showing new scarring in 2/5 cases. In the other eight cases of non-febrile UTI, renal growth/damage was assessed by USS showing appropriate renal growth for age without new scars.
Discussion
The goal of surgical correction in VUR is to prevent pyelonephritis and new renal scarring. Shimada et al [7] have shown that affected kidneys could not catch up with normal kidneys after successful reimplant, but they can grow at a rate parallel to the expected growth curve. Hence, it is important to reimplant to prevent kidney damage or further damage.
It is a well-established fact that ureteric reimplantation is very effective in preventing UTI. In a study by Matsumoto et al [8] , frequency of febrile UTI dramatically dropped from 0.23538 pre-operatively to 0.00894 and 0.00081 per patient per month at 6 and 12 months after surgery, respectively. However, some children continue to develop UTI even after successful correction of VUR and it is unclear as to why it happens.
The incidence of UTI after reimplant is significantly lower compared to medically treated group. In the final report of the International Reflux Study, 32/127 medically treated children compared to 17/125 surgically treated children developed UTI (P < 0.03) [9] .
The European arm of IRSC study showed, at the end of 10-year follow-up, non-febrile UTI rate of 40% and febrile UTI of 14% after reimplantation surgery [9] . Whittam et al [10] in their large series showed UTI rate of 31% and febrile UTI rate of 4.6% after an average follow-up of 15 months and a significant number of these cases had dysfunctional elimination syndrome. In two recently published articles, non-febrile UTI was 15% and 15.6% whereas febrile UTI was 0.6% and 4.1% [11, 12] . In our study, the incidence was 7.9% of nonfebrile UTI and 4.9% of febrile UTI.
It is also important to note that the risk of post-reimplant UTI continues into adult life. Beetz et al [3] reported a rate of febrile UTI of 16% and non-febrile UTI of 38% after a followup of 20 years.
In previous studies, about 20-39% children diagnosed with VUR showed renal changes on initial DMSA scan [3, 11] . It was comparable to our study at 31.3%. With regard to postreimplant renal scarring, the reported scarring rate is highly variable. In Birmingham study, the incidence of post-reimplant scarring was reported at 5.2% [13] , whereas in European arm of International Reflux Study, it was 17.2% [14] . In both these studies scarring was detected by IVP studies. DMSA scan is the most sensitive tool for detecting renal scars [15, 16] . Renal deterioration on DMSA scan is defined as a decrease in differential function of greater than 3% in a renal unit [17] . The incidence of new renal scars after ureteric reimplantation when assessed with DMSA scan is only about 2% [18] . In our study, we did not do DMSA scan routinely to prevent trauma and radiation exposure from nuclear imaging. Out of 13 cases with post-reimplant UTI, all five with febrile UTI had DMSA scan, of which new scarring was seen only in two, similar to observation made by Webster et al [18] . These are the only two cases which showed recurrent reflux on MCU. In the remaining eight cases, assessment of kidney damage was by renal USS and all eight cases showed good renal growth without any scarring.
Possible risk factors for post-reimplant UTI are female sex, previous breakthrough infection, high grade reflux and pre-operative renal scarring [12] . Recently published Swedish reflux study found that girls with high grade VUR had significantly higher rate of recurrent febrile UTI than boys [19] . Our study concurs with some of the observations made by Nelson and Brandstromp.
The risk factors for post-reimplant UTI identified in our study were female sex in 12/13 cases, pre-reimplant febrile UTI in 12/13 cases, high grade VUR in 10/13 cases and bowel bladder dysfunction in 10/13 cases.
Conclusions
Incidence of post-reimplantation UTI (12.8%) is low and that of febrile UTI (4.95%) is even lower. Female sex, pre-reimplant
